Introduction: This study investigated short-and long-term effects of khat (Catha edulis) on hypophyseal, epididymal and testicular morphology, body weight and temperature changes and haematological parameters of rabbits. Materials and Methods: Twenty five male New Zealand White rabbits, divided into five groups were used. First four groups were administered, via intra-gastric tube, 1.5, 4.5, 13.5 and 40.5 g/kg body weight respectively of khat extract thrice a week for 8 weeks while controls received normal saline. Short-term and long-term effects were evaluated for hypophyseal, epididymal and testicular morphology, body temperature as well as body weight changes, food consumption and haematological parameters. Data on haematological parameters, body weight changes, body temperature and food consumption was done using one-way ANOVA at 95% confidence interval using SPSS version 12.0. Results: There was vacuolation in spermatogonia and spermatocytes at high doses while epididymides and hypophyses were unaffected. A significant decrease (P<0.05) in body weight of treatment groups correlated with reduced food intake with increasing doses and chronicity of exposure. Packed cell volume, red blood cell count and haemoglobin concentration decreased while white blood cell count increased with increasing doses. Conclusion: Khat extract had direct effects on spermatogenesis compounded by poor body weight gain, hyperthermia and blood volume loss.
Introduction
Khat is a shrub that either grows wild or is cultivated by inhabitants in the south-west part of Arabian Peninsula and in East African countries and its use confined primarily to areas where it is grown. Its consumption had, nonetheless, spread to most other areas of Asia, Europe, Australia, Canada and United States due to efficient road, water and air transport (COX and RAMPES, 2003) but recently it was banned in the United Kingdom and The Netherlands. Khat and cathinone are also banned substances in the United States (KLEIN, METAAL and JELSMA, 2012) . Fresh young leaves and shoots are chewed for their psychoactive properties (FEYISSA and KELLY, 2008) . In Kenya, khat is called miraa and it comprises of several varieties among them ghiza, kangeta, makata, matangoma, ngoba, gathanga and kathelwa (CARRIER, 2006) . The potency of psycho-activity of the plant varies with variety and freshness of the leaves. The principal ingredient of khat is cathinone that affects the central nervous system like d-amphetamine (ZELGER, SCHORNO and CARLIN, 1980) . The psychoactive effects include boosting stamina, preclusion of sleep and several other effects associated with respiratory, digestive and reproductive functions (for review see NYONGESA and ONYANGO, 2010) .
Khat chewing has historically been practiced by males among human population, although currently even women have embraced the habit. Data on human and experimental animals show conflicting effects of khat on male reproductive function more specifically with hormonal profiles and gonadal morphological picture. Earlier studies showed that cathinone causes a significant increase in abnormal sperm cells in mice (QURESHI, TARIQ and PAMAR, 1988) , rats (ISLAM, TARIQ, AGEEL et al., 1990 ) and humans (EL-SHOURA, ABDEL AZIZ, ALI et al., 1995) . Studies on mutagenicity of khat on germ cells in albino mice showed a reduced rate of fertility in males and post-implantation loss in females during the first week following treatment (TARIQ, QURESHI, AGEEL et al., 1990) . In contrast, rabbits fed on freeze-dried leaves of khat had an increased rate of spermatogenesis (AL-MAMARY, AL-HABORI, AL-AGHBARI et al., 2002) . The latter report agrees favourably with results on olive baboons that showed an increase in plasma testosterone and a decrease in plasma prolactin and cortisol following khat exposure (MWENDA, OWUOR, KYAMA et al., 2006) . The controversies surrounding these findings seem to leave room for more dilemma than provide a reliable trend on the true picture of khat use and reproduction. More detailed and systematic approach in quantification of khat effects on testicular function compounded with effects on other factors that may influence spermatogenesis is scarce. It is also not clear whether anorexic effects of khat as reported by Murray, Le Roux, Emmanuel et al. (2008) correlate with body weight performance thereby influencing reproductive performance. In the present study, we hypothesized that heavy and long-term use of khat causes hyperthermia and loss of appetite that interferes with body weight gain as well as haematological parameters thereby causing histo-pathological changes along pituitary-testicular axis. For testicular morphology, we analysed the effects of khat extract at short-and long-term dosing on specific stages of spermatogenesis. Earlier studies on testicular toxicity reported cell-specific effects restricted to specific stages of spermatogenic cycle based on dose and chronicity of exposure (ANDERSON, BRINKWORTH, JENKINSON et al., 1987) . The New Zealand white rabbit was chosen as an experimental animal since it is easy to handle, less expensive and its reproductive processes are well documented (AMANN, 1982; SWIERSTRA and FOOTE, 1963) .
Materials and Methods

Animals and housing
Twenty-five sexually mature New Zealand White male rabbits, aged between 9 and 12 months and weighing 2 to 3 kg, were obtained from a breeding colony at the School of Biological Sciences, University of Nairobi, Kenya. The animals were fed on standard rabbit pellets (Unga Feeds, Kenya), green vegetables, carrots and commercial vitamins and water supplied ad libitum. Lighting conditions of approximately 12 h light: 12 h dark cycle and an average room temperature of 23 °C with a humidity of approximately 60% were provided in animal house. Each rabbit was housed in single cages (40.5 cm × 40.5 cm × 61 cm) placed on a raised surface. All protocols for animal experimentation of this study were approved by Animal Care and Use Committee of the University of Nairobi.
Preparation of crude khat extract
Fresh leaves and shoots of khat were obtained from Nyambene, Meru district of Kenya. Four doses (1.5, 4.5, 13.5 and 40.5 g/kg body weight) were prepared by first formulating a working concentration of 20g/ml by blending and dissolving 200g of leaves in 10 ml of normal saline. For a rabbit weighing 2 kg and requiring a dose of 1.5g/kg, 0.15 ml was drawn from working concentration and constituted to a final volume of 5 ml with normal saline. For 4.5 g/kg, 0.45 ml was drawn, 1.35 ml for 13.5g/kg while 4.05 ml for 40.5 g/kg were drawn from same working concentration constituted to a final volume of 5 ml.
Experimental design
The animals were randomly assigned five groups each comprising five animals and habituated to handling and insertion of intra-gastric tube for about 20 min daily for 14 days before commencement of experiments. Group I animals served as controls and each was given 5 ml normal saline via intra-gastric tube three times a week (Mondays, Wednesdays and Fridays at 09.00h) for 8 weeks. Animals in groups II to V were given 1.5, 4.5, 13.5 and 40.5 g/kg body weight of khat extract in 5 ml volume respectively, via an intra-gastric tube following same regimen as for controls. The choice of these doses was guided by an average amount of 4.5 g/kg body weight a regular khat chewer consumes per day as earlier reported (FEYISSA and KELLY, 2008) . This study explored effects of khat on functional systems in a situation of misuse and over a substantial period. Since the study was designed to test dose-response effects, we chose to use a lower dose through to doses above daily average consumption and over an elongated period of exposure.
Clinical assessment
Body weight of each rabbit was measured using a weighing balance (MRC Model: BWL C-6-A2) each day prior to and after administration of crude khat extract and recorded over the period of the experiment. Body weight gain/loss (g) was determined by subtracting the body weight of rabbits at the start of the experiment from any additional or reduction in body weight for different khat doses over the experimental period. Food intake (g) in both test and control animals were monitored daily by subtracting the weight of food remaining from weight of food given to the animal the previous day. Feeding and water troughs were anchored on the wire mesh of the cage at a raised surface to avoid spillage.
Blood sampling for haematology
Blood collection commenced 10 min after khat administration and 0.5 ml samples were collected using needle (22G) and syringe into heparinized LP 3 tubes containing heparin and gently mixed to avoid clotting. Non-heparinised capillary tubes were filled three-quarter with heparinised blood sample. The tubes were then exposed to non-luminous flame to expel air inside, tips sealed and placed in wells of micro-haematocrit centrifuge with sealed tips facing centripetally and spun at 1500 x g for 5 min. The length of the column of packed cells and that of packed cells plus plasma was measured and the ratio calculated as a percentage to determine Packed Cell Volume (PCV). Haemoglobin concentration was measured using the acid haematin method where 0.1 N HCL was pipetted up to 20% mark of the haemoglobin graduated tube and 20 µl of heparinised blood sample added and mixed vigorously using a mixing rod. Acid haematin formed after about 3 min when haemoglobin reacted with HCL. By use of a Pasteur pipette, distilled water was added drop by drop to the haemoglobin tube in the haemoglobinometer and stirred each time using a mixing rod until the colour of the solution matched that of the haemoglobinometer. This gave the amount of haemoglobin in g/l.
Red blood cell (RBC) and white blood cell counts (WBC) were done with a haemocytometer. For RBC, Hayem's solution (containing 0.9% sodium chloride [Riedel-de Haën AG]) was used while for WBC, the dilution fluid (2% glycerol acetate and Gentian Violet) was used. For the case of RBC the 4 peripheral smaller squares and 1 central smaller square in the central big square of the haemocytometer were used and the number multiplied by a factor of 10,000. For the WBC, the cells in the four peripheral and central big squares of the haemocytometer were counted and multiplied by a factor of 40.
Histopathological examination
The hypophyses, testes and epididymides of two animals from each of the four treatment groups were harvested following 14 days of khat extract treatment for short-term effects, while the remaining animals were sacrificed 56 days later to study long-term effects. Animals were euthanised with diethyl ether (Eastman Chemical Co., Tennessee, USA) and fixed by intra-cardiac perfusion using 2.5% phosphate buffered glutaraldehyde (pH 7.4). The testes, epidydimides and hypophyses were then harvested, immersed in the same fixative for 7 days and trimmed into sufficiently small sizes (1 mm 3 ) to permit proper fixation and processing. Thereafter, tissue blocks were post-fixed in 4% w/v osmium tetroxide for 2 h, dehydrated through ascending concentrations of ethanol (20, 40, 50, 60, 70, 80, 90 , and absolute alcohol), cleared using propylene oxide and infiltrated with epoxy-resin mixture. Sections (1 µm thick) were then obtained from the tissue blocks using a Sorvall ® ultra microtome, mounted on moistened glass slides, fixed and stained with toluidine blue. Photographs were taken using Zeiss Axioscop Camera (Carl Zeiss, Germany).
Statistical analysis
Data analysis was performed using the Statistical Packages for Social Sciences for Windows Version 12.0 (SPSS Inc., IL). Data is expressed as mean ± SEM. For body weight changes, daily food intake, body temperature and haematological parameters of PCV, haemoglobin concentration and whole blood cell count, comparison of means among treatment groups and controls was performed using one-way ANOVA followed by Tukey's multiple comparison post hoc tests. Significance level was set at 5%.
Results
Effects of khat extract on testicular, epididymal and adenohypophyseal morphology
Testes
The focus on testicular morphology in present study was on effects of khat extract on seminiferous epithelium at different stages of development as well as interstitial cells of Leydig for possible effects on androgen production. The study on rabbit spermatogenic cycle was guided by an earlier classification into eight stages based on location of spermatids and spermatozoa in relation to basement membrane, presence of meiotic figures and release of spermatozoa into lumen (SWIERSTRA and FOOTE, 1963) . At 14 days of khat treatment, both the seminiferous tubules ( Figure 1a ) and interstitium ( Figure 1b ) of control rabbits showed normal morphology. Germinal epithelium in Figure 1a was classified as stage 2 of spermatogenic cycle characterized by elongation of spermatid nuclei and two generations of primary spermatocytes with indistinct nuclei membrane. Sertoli cells and type A spermatogonia were observed along the basement membrane.
Testicular morphology of khat-treated animals showed various degrees of degenerative changes in immature germ cells. At the lowest dose of khat extract, the seminiferous tubules at both short-term ( Figure 1c ) and long-term (Figure 1d ) phases of treatment did not show any appreciable structural changes from controls. Figure 1c was classified as stage 1 of spermatogenic cycle characterized by presence of type A spermatogonia and Sertoli cells along the basement membrane. Also present include young (zygotene) and old (pachytene) primary spermatocytes and spermatids with round nuclei and darkly staining acrosome. On the other hand Figure 1d was classified under stage 7 of spermatogenic cycle characterized by presence of Sertoli cells and type A spermatogonia along basement membrane while pachytene spermatocytes showed dense chromatin network with general increase in nuclei size. Spermatid nuclei appeared spherical with clear nuclear membrane and visible acrosome on surface membrane while spermatozoa appeared moving towards the lumen. Within the interstitium, Leydig cells of treatment groups displayed structural characteristics similar to those observed for controls suggesting that Leydig cells were, perhaps, unresponsive to khat extract exposure. In rabbits treated with high (13.5 g/kg and 40.5 g/kg body weight) doses of khat extract, there were structural changes within seminiferous epithelium at both short-and long-term phases of treatment. In the short-term (Figure 2a) , at stage 7 of spermatogenic cycle, and long-term (Figure 2b ), at stage 1 of spermatogenic cycle, khat treatment with 13.5 g/kg body weight, testicular tissue showed round vacuoles of varying sizes in spermatogonia and young primary spermatocytes in their pre-leptotene phase with accompanying degeneration of chromatin material while mature forms of seminiferous tubular germ cells appeared normal. In the short-term phase of high dose of khat extract, there was continued vacuolation and degeneration of spermatogonia and young primary spermatocytes in their pre-leptotene phase as shown at stage 1 of spermatogenic cycle (Figure 2c ). These young primary spermatocytes in stage 1 were located near the basement membrane and had round nuclei with faint stained chromatin. Long-term phase showed enhanced degeneration and vacuolation of zygotene spermatocytes (Figure 2d ) but pachytene spermatocytes and elongate spermatids appeared normal. The seminiferous epithelium in this slide section was classified as stage 3 of spermatogenic cycle characterized by presence of Sertoli cells and type A spermatogonia lying along the basement membrane. Two generations of primary spermatocytes: zygotene with small nuclei and pachytene with large nuclei and elongate spermatids were also present within the tubules.
Epididymides and adenohypophysis
The different doses of khat extract did not have any observable effect on the epididymal and adenohypophyseal morphology. Caput, corpus and cauda epididymal epithelia showed normal morphology (Figure 3a, b and c) . The cytoplasm in all cases contained numerous secretory granules, prominent Golgi apparatus and multi-vesicular bodies. Similarly, khat extract at all doses appeared to have no detrimental effect on the adenohypophysis in treatment groups. At all khat doses, the tissue showed gonadotropes that appeared as large rounded less staining cells close to blood capillaries with irregular nuclei while acidophils appeared deeply staining with numerous secretory granules in the cytoplasm (Figure 3d ). 
Effect of khat extract on body temperature, body weight and daily food intake
None of the rabbits showed adverse clinical signs throughout the experimental period. Rectal temperatures were within normal range (38 to 39.5 °C) in saline-treated controls and at low doses (1.5 g/kg and 4.5 g/kg body weight) of khat extract (38.8± 0.02 °C and 38.9 ± 0.04 °C respectively). However, at dose 13.5 g/kg and 40.5 g/kg body weight there was significant increase (P<0.5) to 40.3 ± 0.13 °C and 41.1 ± 0.19 °C, respectively (Figure 4a ) in a dose-related manner (Figure 4b ). The mean body weight change among treatment groups was significantly different (P< 0.05) (Figure 5a ) compared to controls. Post hoc test with Tukey's multiple comparison showed the change in mean body weight of the saline-treated controls (1.886 ± 0.168 kg) being significantly higher (P<0.05) than the khat extract-treated rabbits at the end of experimental period. The decrease was significant at 13.5 g/kg and 40.5 g/kg body weight of khat extract (Figure 5b) . At all doses of khat extract administration, food consumption by the rabbits was suppressed (Figure 6a ) with dose 40.5 g/kg body weight showing the highest decline (51.47 ± 9.716 g), while 1.5 g/kg body weight showing the least drop in food consumption (109.82 ± 1.484 g) (Figure 6b ).
Effects of khat extracts on haematological parameters
Red blood cell count, white blood cell count, haemoglobin and packed cell volume showed a significant difference (P<0.05) between saline-treated controls and treatment groups. Khat extract reduced RBC count at all doses of khat extract (Figure 7a ) and the effects were dose-related. The mean RBC count over 8 week experimental period reduced significantly (P<0.05) with the greatest suppressive effects at highest two doses (13.5 g/kg and 40.5 g/kg body weight), whereas the least suppression observed at 1.5 g/kg body weight (Figure 7b) .
Haemoglobin concentration showed a similar trend (Figure 8a ) with mean haemoglobin concentration between khat doses being significantly different manifesting a significant reduction over the experimental period (P<0.05). The highest two khat doses showed the greatest decrease in haemoglobin (10.86 ± 0.558 g% and 9.998 ± 0.768 g%, respectively). The effects of khat extract on haemoglobin were dose-dependent (Figure 8b ). There was a significant increase (P<0.05) in WBC count between treatment groups and over experimental period compared to controls (Figure 9a ). There was a dose-related increase in WBC count with the highest dose (40.5 g/kg body weight) showing significant effect while controls the least effect (Figure 9b ). Mean PCV, however, significantly decreased (P<0.05) with increasing khat dose and over experimental period (Figure 10a ). The suppressive effect was dose-related ( Figure 10b ) reducing from 35.64 ± 0.087% in controls to 32.81 ± 0.80% at 40.5 g/kg body weight.
Discussion
The present study was designed to investigate the short-and long-term effects of khat extract directly on testicular histology and whether effects on changes in daily food intake, body weight and temperature changes as well as haematological parameters compounded the effects on this measure. The short-term studies were done for 2 weeks while long-term effects lasted 8 weeks. Although it is recommended that for sub-chronic toxicity studies, exposure of treatment should continue for at least 6 cycles (64 days) before fertility testing (AMANN, Figure 4a . Effect of khat extract on core body temperature 2 weeks before and 5 weeks after khat treatment. Body temperature measurements in saline-treated controls and khat-treated rabbits were taken after 3 h of khat administration. Body temperature increased at all dosages with significant increment (P<0.05) at 13.5g/kg and 40.5g/kg body weight of khat extract as compared to controls. n = 25; Figure 4b . Mean body temperature of rabbits 2 weeks before and 5 weeks after khat treatment as a function of khat dose. Khat extract caused a transient increase in body temperature of rabbits at all dosages and which subsided at about 5 h after khat administration. Significant increase was seen in rabbits treated with 13.5g/kg and 40.5g/kg body weight of khat extract (P<0.05) compared to controls; n = 25.
it considered khat as a potentially toxic substance to germinal epithelium. In the experimental design, we followed Health Effects Test Guidelines for reproductive and developmental toxicity screening tests (ENVIRONMENTAL..., 2000) .
The process of spermatogenesis is regulated not only by classical endocrine control of hypothalamic-pituitary-gonadal axis but also by complex interaction involving seminiferous epithelium, Leydig cells, peri-tubular cells, macrophages and endothelial cells of interstitial vasculature. Testicular histology has been shown to be the most sensitive and reliable method of detecting effects Figure 5a . Effect of khat extract on body weight gain (kg) in saline and khat-treated rabbits over the experimental period. Khat extract suppressed body weight gain over the experimental period with highest effect at week 5 of experiments.
Figure 5b. Body weight gain in controls and khat-treated rabbits as a function of khat dose over the experimental period of 5 weeks. At doses 4.5g/kg, 13.5g/kg and 40.5 g/kg body weight, khat extract caused a significant decrease in body weight gain (P<0.05) with the highest suppression at dose 40.5 g/kg body weight of khat extract as compared to saline-treated controls; n = 25 rabbits. 1982), the same author reports that it takes 4.5 cycles (48 days) for a committed type A spermatogonia to differentiate into spermatozoa in rabbits. It is based on this understanding that the 56-day sub-chronic exposure was chosen. Although the present study does not focus on pesticides and testicular toxicity, Figure 7b . Mean Red blood cell count in saline and khat-treated rabbits as a function of khat dose. Khat extract suppressed RBC count in a dose-related manner, with 40.5g/kg body weight of khat extract causing the highest effect (P<0.05) compared to controls. The decrease in the highest dose, however, was within the physiological limit. n = 25. of toxic agents on spermatogenesis (TAKAYAMA, AKAIKE, KAWASHIMA et al., 1995) . Sperm count is not a very accurate and reliable tool since it results in significant variation among individuals and over sampling periods in the same individual (CREASY, 1997). Many toxic agents have been shown to have cell-specific effects restricted to specific stages of the spermatogenic cycle depending on dose and duration of exposure (ANDERSON, BRINKWORTH, JENKINSON et al., 1987) . To this end, the present study investigated short-and long-term effects of khat extract on testicular morphology using rabbit as experimental model. We, however, report that our study did not consider classification of rabbit seminiferous tubules but rather khat effects on seminiferous epithelium at given stages of development. The results presented here are, therefore, not reflective of all eight cycles of rabbit spermatogenesis (MORTON, 1988 ) but attempts to explain effects of khat on fixation as it is critical for detailed histological evaluation of seminiferous epithelium (CREASY, 1997) .
Results of the present study showed profound influence of khat on different stages of the spermatogenic cycle. Focal degeneration and vacuolation in spermatogonia and zygotene spermatocytes of treatment groups represent localized toxicological effect from which a proportion of seminiferous Figure 9a . Mean white blood cell (WBC) count in saline-controls and khat-treated rabbits over a 5-week experimental period. Khat-treated rabbits showed increased WBC counts which, however, were within the physiological limit. Significant increase in counts (P<0.05) was seenat week 4 and 5 compared to 1 week. n = 5 weeks. Figure 9b . Mean white blood cell (WBC) count in saline controls and khat-treated rabbits as a function of khat dose. Khat extract increased WBC counts at all doses of khat extract and significant increase (P<0.05) was seen in rabbits at 13.5g/kg and 40.5g/kg body weight of khat extract compared to controls. n = 25 rabbits. Figure 10a . Mean packed cell volume (PCV) in saline-treated controls and khat-treated rabbits as a function of khat dose. PCV levels declined at all dosages of khat extract. Significantly decline (P<0.05) was seen in rabbits treated with doses 13.5 g/kg and 40.5 g/kg body weight of khat extract compared to controls. n = 25. Figure 10b . Packed cell volume (PCV) levels in saline-treated controls and khat-treated rabbits as a function of khat dose. Khat caused a general decrease in PCV in a dose-related manner. Significant reduction (P<0.05) was seen in rabbits treated with 40.5g/kg body weight of khat extract compared to saline-treated controls. n = 25. cellular associations in given testicular sections as a function of dose and duration of exposure. Testicular tissues were fixed in 2.5% glutaraldehyde and Toluidine staining used to identify nuclei details of cells more clearly as recommended elsewhere (MORTON, 1988) . It was important to achieve proper tissue influenced by cytokines such as IL-1α and β, IL-6, tumour necrosis factor-alpha (TNF-α) and interferon-gamma (INF-γ) (SCARBOROUGH, 1990) . Tumour necrosis factor-alpha is also expressed as a trans-membrane protein in pachytene spermatocytes, round spermatids and interstitial macrophages (DE, CHEN, PACE et al. 1993) and, together with IL-1 β it has been shown to recruit neutrophils in veins of testicular parenchyma (LYSIAK, NGUYEN, KIRBY et al., 2003) . High levels of TNF-α have been found in semen samples of infertile men (EGGERT-KRUSE, KIEFER, BECK et al., 2007) . From these findings, it is noteworthy to propose hypothetically that khat induced production of TNF-α and IL-1 β and enhanced their effects leading to germ cell death. It is unclear, however, whether these cytokines were a cause or a result of the testicular histopathology brought about by khat extract exposure.
The results on clinical observations indicated a significant reduction in body weight gain and food consumption in treatment groups in a dose-related manner. Earlier studies implicated khat consumption with appetite suppressant properties (MURRAY, LE ROUX, EMMANUEL et al., 2008) . It has been shown that the arcuate nucleus of the hypothalamus contains Agouti-related protein (AgRP) involved in central appetite regulation (NEARY, GOLDSTONE and BLOOM, 2004) . In rodents and primates, arcuate nucleus contains mRNA of neuropeptides involved in feeding and reproduction including neuropeptide Y (NPY), α-MSH, AgRP and galanin (CONE, COWLEY, BUTLER et al., 2001) . From the aforementioned, it is possible that presence of khat in the gut stimulated release of neuropeptide Y resulting in observed reduction of feeding in rabbits or interfered with mRNA of neuropeptides in arcuate nucleus involved in regulation of feeding and reproduction. It is also possible that khat interfered with synthesis or release of GALP in the arcuate nucleus or pre-optic area resulting in the observed effects although this is speculative. On the other hand, cathinone has been shown to act on catecholaminergic synapses to increase levels of dopamine, serotonin and noradrenaline in the brain (CALCAGNETTI and SCHECHTER, 1993) . Studies showing involvement of 5-HT 2C receptors in appetite regulation in Siberian hamsters treated with fenfluramine observed that fenfluramine exerted a potent hypophagic effect (SCHUHLER, CLARK, JOSEPH et al., 2005) . Since fenfluramine is known to increase 5-HT release and inhibit its reuptake, these observations demonstrated the involvement of serotonergic system in regulation of food intake. From these observations, it is possible that the observed effects of khat on food intake in rabbits may have been due to their effect on the arcuate nucleus or because of increased levels of 5-HT in the brain. In this study since food and water intake showed positive correlation, both appeared to affect body weight gain significantly. The results confirm earlier findings of Islam, Tariq, Ageel et al. (1990) which reported cathinone, active ingredient of khat, as having reduced body weight gain of rats in a dose-related manner.
Histological structure of various segments of the epididymis did not show any observable lesions following both short-and long-term treatment with khat extract compared to controls. In the caput epididymis, numerous micropinocytotic vesicles, secretory granules and multi-vesicular bodies were observed in the cytoplasm of normal epithelial cells similar to those observed in epididymis of treatment groups. The effect of khat on this measure is in agreement with that in baboons (MWENDA, tubules fail to recover their spermatogenic function. This finding confirms earlier reports on impaired spermatogenesis in mice (TARIQ, QURESHI, AGEEL et al., 1990) , rats (ISLAM, TARIQ, AGEEL et al., 1990 ) and humans (EL-SHOURA, ABDEL AZIZ, ALI et al., 1995) following khat exposure. From the results of this study, it seems apparent that short-and long-term administration of high doses of khat primarily affected immature forms (spermatogonia and zygotene or spermatocytes in their pre-leptotene stage) of germ cells while pachytene spermatocytes, spermatids and spermatozoa appeared generally unaffected. Immature germ cells undergo active mitotic cell division, hence exhibit the greatest dynamic transformation of chromatin. In these stages there is abundance of histones in their nuclei that are highly susceptible to toxic agents while in the maturation stages of sperm formation, chromatin is highly condensed due to the displacement of lysine-rich histones by small arginine and cysteine-rich protamines (CARLSON, 2014) which are unlikely to be affected by these toxic agents. In the present study, therefore, chromatin condensation and subsequent vacuolation in spermatogonia and zygotene spermatocytes all point towards a significant influence of khat on cell division and development. Vacuoles in the seminiferous epithelium are frequently encountered with impaired spermatogenesis as shown by studies in rats treated with heptachlor (WANGO, ONYANGO, ODONGO et al., 1997) and goats treated with ethane dimethanesulphonate (ONYANGO, WANGO, ODUOR-OKELO et al., 2001 ). The results on interstitial tissue showed, Leydig cells, fibroblasts and endothelial cells associated with blood and lymphatic vessels unaffected at short-and long-term khat extract exposure, similar to findings reported by Mwenda, Owuor, Kyama et al. (2006) . The picture is, however, inconclusive since ultra-structural examination of Leydig cells indicating effects on steroidogenic sub-cellular organelles were not considered in the present study.
The blood cell count showed significant reduction of red blood cells, haematocrit and haemoglobin concentration at high doses of khat extract which translated to reduced blood volume. This could have been directly due to khat effects on hemopoietic tissue or secondarily due to impaired steroidogenesis following khat exposure. Previous studies in rabbits (NYONGESA, PATEL, ONYANGO et al., 2008) and rats (MOHAMMED and ENGIDAWORK, 2011) reported a significant reduction in testosterone at high dose of khat extract and following long-term exposure. Testosterone is an erythropoietic hormone that acts directly on polychromatophilic erythroblasts in the bone marrow (GONZALES, TAPIA, GASCO et al., 2011) and is associated with increased haemoglobin at puberty in young men (COVIELLO, KAPLAN, LAKSHMAN et al., 2008) . It is also possible that reduced blood volume led to hypoxia due to decreased oxygen supply by the vascular bed. Hypoxic conditions have been shown to cause alterations in sperm parameters in men (VERRATTI, BERARDINELLI, DI GIULIO et al., 2008) and rhesus monkeys (SAXENA, 1995) . It is worth noting that these effects on their own, or coupled with elevated body temperature observed with high khat dose exposure in the present study could have affected testicular function in rabbits. Sympathomimetic agents have been shown to induce hyperthermia through production of interleukin-1 beta (IL-1 β) following neuronal damage (ALBERS and SONSALLA, 1995) . Khat contains such sympathomimetic compounds (BALINT and BALINT, 1994) . Secretion of luteinizing hormone and follicular stimulating hormone are OWUOR, KYAMA et al., 2006) where the epididymides were unaffected. This finding compares favourably with other reports in rabbits (JONES, HAMILTON and FAWCETT, 1979) , equines (ARRIGHI, ROMANELLO and DOMENEGHINI, 1993) and goats where similar dense bodies and micropinocytotic vesicles were reported in normal principal cells of caput epididymis. Histological examination of adenohypophysis showed no adverse effect of khat extract on gonadotropes although the results, in fact, argue for a strong effect of khat on the central aspect of hypothalamo-hypophyseal-gonadal-axis. Immunolocalization of vervet adenohypophysis following sub-chronic cathinone exposure showed enhanced gonadotrophic activity (NYONGESA, ODUMA, AL 'ABSI et al., 2015) .
Conclusions
From the aforementioned, this study has provided evidence suggesting that short-and long-term khat extract treatment interferes with testicular function which is compounded by changes in food consumption, body temperature and blood parameters that in turn influence general body performance. While not all stages of spermatogenic cycle of rabbit are reported for this study, the results clearly indicate khat extract effects on spermatogonia and immature spermatocytes in every spermatogenic cycle where these cells occur. The study has demonstrated that khat extract caused overt structural alterations in the seminiferous epithelium of testis of rabbits in a dose-related manner. Together, the results and other available evidence in literature point to the possible reproductive health complications of heavy and long-term khat consumption.
